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FOREWORD 


This  paper  was  prepared  at  Che  request  of  the  Program  Coonlttee 
for  the  Fall  Convention  of  the  American  Concrete  Institute,  Cleveland, 
Ohio,  5  Hoveasbet  1965.  It  was  submitted  to  and  approved  by  the  Chief 
of  Engineers  for  presentation  and  publication  by  first  indorsement 
dated  12  August  1965  to  a  letter  dated  14  July  1965  subject;  Approval 
of  Paper  for  Preeenfcat ion . 

The  Kork  on  which  the  paper  is  based  was  conducted  at  the  Concrete 
Division  of  the  U.  S.  army  Engineer  Waterways  Experiment  Station  under 
the  direction  of  Wr.  Thomas  B.  Kennedy  and  Hr.  Bryant  Math'ir.  Staff 
ambers  actively  concerned  with  the  work  included  Messrs.  W.  0.  Tyr.es, 
K.  L.  Saucier,  and  W.  B.  Lee.  The  reports  on  which  the  paper  is  based 
were  prepared,  respectively,  by  Mr.  Mather  and  by  Messrs.  Mather  and 
Saucier. 

Directors  of  the  WES  during  the  investigation,  the  preparation 
of  the  reports,  and  of  this  paper  were  Colonel  Edmund  H.  Lang,  C£; 
Colonel  Alex  G.  Sutton,  Jr.*  GE;  and  Colonel  John  R.  Oswalt,  Jr.,  CE> 
Technical  Director  was  Kr.J,  B.  Tiffany. 


Partially  Coens 'ted  Weight  of  Concrete  as  a 
Measure  of  Workability^-  »? 


by 

Bryant;  Mather^ 


In  the  ACI  Standard  Recowaendeo  Practice  for  Selecting  Proportions  for 
Ho- Slump  Concrete  aa  reported  by  Paul  Rlleger  for  Subcommittee  2  of  Com¬ 
mittee  211, -one  of  three  suggested  methods  for  measuring  consistency  of 
concrete  la  the  corseting- factor  procedure,  as  described  In  British 
Standard  1881  (fig.  1).  This  test  Is  bssed  on  the  assumption  that  the 
drier  the  consistency,  the  greater  will  be  the  void  volume  of  an  uncom¬ 
pacted  sample.  Concrete  is  t/laced  In  the  upper  hopper,  allowed  to  fall 
into  the  second  so  as  to  achieve  «  given  state  of  looseness,  then  allowed 
to  fall  into  a  6- in.  diameter,  12- in.  high  cylindrical  mold.  The  struck- 
off  net  weight  before  additional  compaction,  expressed  as  a  ratio  of  the 
fully  compacted  weight  of  concrete  filling  the  same  mold,  la  the  compacting 
factor.  There  is  an  approximate  relation  between  compacting  factor  and 
slump,  as  Is  Indicated  in  fig.  2,  which  also  is  taken  from  the  ACI  211 
Standard.  Apparatus  for  field  use  has  been  developed  In  which  the  weigh¬ 
ing  device  is  Incorporated  (fig.  3).  As  a  part  of  Item  61$,  "Investiga¬ 
tion  of  Flaceablllty  of  Concrete,"  of  the  Engineering  Studies  Program  of 
the  Corps  of  Engineers,  rhe  U.  S.  Army  Engineer  Vaterwsys  Experiment  Station 

^Prepared  for  presentation  at  Research  Session  of  American  Concrete  Institute 
Convention,  Cleveland,  Ohio,  5  November  1965. 

^Based  on  "Investigation  of  Partially  Compacted  Weight  of  Concrete  as  a 
Measure  of  Workability ,"USAEWES  Technical  Report  Ko.  6-598,  Report  Ho.  I, 
"Preliminary  Tects"  (April  1962)  and  Report  Ho.  2,  "Testa  ox  Large -Aggregate 
Concrete"  (August  1963). 

^Research  Civil  Engineer,  Concrete  Division,  U.  S.  Army  Engineer  Waterways 
Experiment  Station,  Jackson,  Mississippi. 
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was  authorized  to  s&ke  studies  to  determine  if  an  approach,  baaed  on 


the  compacting  factor  principle,  could  be  developed  for  mass  concrete  that 


would  be  superior  to  the  present  practice  of  controllirg  consistency  by 


making  slump  tests  on  samples  wet  screened  through  the  2-in.  sieve. 


Th *  compacting  factor  apparatus  constructed  for  use  In  our  initial 


studies  is  shown  in  fig.  4.  In  the  first  tests  a  comparison  was  made  of 


the  unconnected  unit  weights  of  samples  of  two  mixtures  that  were,  in  one 


case,  dropped  into  the  mold  through  the  two  hoppers  of  the  compacting-factor 


apparatus  and,  in  the  other,  discharged  into  the  mold  directly  from  a  tilting 


sixer.  This  otperiment  was  based  on  the  assumption  that  both  hoppers  of 


the  apparatus  iould  be  eliminated  if  concrete  were  made  repeatedly  available 


in  a  comparable  state  of  looseness  at  a  given  distance  above  the  mold.  The 


average  unit  weight  of  the  unconnected  concrete  in  the  mold  was  slightly 


greater  when  the  mold  was  filled  directly  frcm  the  mixer  discharge  than  when 


the  mold  wen  nil led  by  allowing  the  concrete  to  drop  through  die  two  hoppers. 


For  one  mitturi:,  having  a  slump  of  1  to  1-1/2  in.,  the  compacting  factors 


ranged  fro®  C.505  to  0.870  and  for  the  other  mixture,  mhidihad  a  slump  of 


2-1/2  to  2-3 -'4  in.,  the  range  in  compacting  factor  was  0.849  to  0.945. 


In  the  second  aeries  of  tests  a  single  mixture  of  nominal  2-in,  slump 


was  used  with  seven  different  water  contents  so  as  to  give  slumps  from  0  to 


8  in.  T»e  wat^r-cement  ratio  for  2-in.  slusp  was  0.54;  at  0  slump  it  was 


0.49;  at  8- in.  slump  it  was  0.67.  The  range  of  water  content- change  was  from 


23  lb  ft  a  ysrd  leas  to  61  lb/cu  yd  more  than  the  nominal  amount  that  gave  the 


2-in,  flump.  The  ccaipacting  factor  (fig.  5) for  the  nominal  2-in.  slump  mixture 


was  0.860;  when  die  water  content  was  least,  this  dropped  to  0.790;  when 


the  water  content  watt  most,  it  was  0.966.  The  more  significant  feature  of 
the  results  of  this  study,  in  teems  of  tdiat  it  suggested  about  possible 
field  application  to  taass  concrete  construction,  vas  the  relationship  found 
between  consistency  (or  slu«ip,  or  water  content)  and  net  uncompacted  weight 
(fig.  6).  In  addition,  some  attention  was  given  to  the  degree  of  heaping 
of  the  material  as  the  container  was  overfilled  with  uncoopacted  concrete. 

This,  in  effect,  vas  a  study  of  the  angle  of  repose.  Fig.  7  indicates  these 
results  expressed  as  a  relation  of  weight  removed  on  strike  off  -  obviously 
the  steeper  the  angle  of  repose ,  the  higher  the  cone  of  heaped  concrete  and 
henc(>  the  greater  the  weight  of  concrete  struck  off.  The  observations  suggested, 
for  the  mixture  under  study,  that,  were  it  desired  to  holJ  the  workability  at 
a  consistency  —  water  content  --  slump  —  such  as  this  mixture  possessed  when 
it  had  a  slump  of  l-l/l!  in.,  then  this  would  be  obtained  if  it  were  required 
that  there  be  a  minimum  value  for  weight  of  concrete  struck  off;  i.e.,  a 
maximum  angle  of  repose.  It  vas  concluded,  however,  that  for  a  test  for 
uniformity  of  workability  of  mass  concrete  when  repeated  batches  of  similarly 
intended  composition  were  involved  and  the  primary  batch- to-batch  variation 
could  be  assumed  to  be  due  to  unintentional  changes  in  water  content,  the 
struck-off  uncompacted  weight  could  be  taken  as  a  parameter  for  control  pur¬ 
poses,  at  least  so  long  as  the  desired  workability  vas  somewhere  in  the 
range  represented  by  a  slump  of  3  in.  or  less. 

With  this  background,  the  compacting  factor  apparatus,  as  such,  vas 

% 

set  aside,  and  studies  using  6-in.  aggregate  concrete  were  begun.  For 
this  work  a  3-1/2-cu  ft  unit-weight  measure  having  an  inside  diameter  of 
20-3/4  in.  was  used  as  the  mold  and  vas  placed  on  a  1000-lb  capacity  scale. 
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Approximately  5  cu  ft  of  concrete  was  allowed  to  fall  into  this  mold  from 

a  1/2-eu  yd  bottom-dump  bucket  with  a  15-ln.  square  opening  positioned  3  ft 

above  the  mold.  The  heaping  weight,  weight  after  strike-off,  and  compacted 

weight  were  recorded  (fig  8).  Strike-off  was  accomplished  by  use  of  a 

3-in.  diameter  steel  shaft.  The  mixture  used  contained  no  cement  and 

initially  nad  226.5  lb  of  fly  ash  and  118.8  lb  of  water  per  cu  yd.  The  same 

15-cu  ft  batch  was  used  repeatedly,  adding  water  for  each  of  seven  successive 

tests  until  the  water  content  had  been  raised  until  it  was  essentially  double 

that  at  the  start.  These  tests  were  repeated  three  timc«.  At  each  test 

samples  were  taken,  sieved  through  a  1-1/2-in.  sieve,  and  tested  for  slump, 

and  sieved  through  a  No.  A  sieve  and  dried  out  to  determine  water  content 

of  mortar.  A  period  of  3  to  4  hr  was  involved  in  making  each  series  of  tests. 

From  the  test  results  it  will  be  noted  that  all  the  recorded  weights  --  heaping, 

*  also 

struck-off,  and  consolidated  --  and  Immm*  the  compacting  factor,  reached 


a  maximum  when  the  mortar  water  content  was  about  12  percent  and  then  declined. 
These  relations  are  shown  in  fig.  9  for  the  three  batches  separately  for 
heaped  weight  before  strike  off.  A  similar  pa-tern  is  shown  in  fig.  10 
for  struck-off  uncomuactcd  weight.  The  numbers  shown  beside  the  data  points 
are  results  of  slump  tests.  The  maximum  is  achieved  at  a  slump  between 
1-1/2  and  3  in.  These  results  indicate  that  at  low  water  content  the  loose 
concrete  contains  much  air  because  it  is  dry  and  harsh  but  does  not  heap  high 
because  it  is  crumbly  and  poorly  cohesive.  As  water  is  added,  it  becomes 
softer  and  more  cohesive,  thus  reducing  the  air  space  of  the  unco«^>acted 
mass  and  allowing  high  heaping.  Finally,  with  mae  water,  the  material 
heaps  less  *s  it  becomes  more  able  to  flow,  doesn't  compact  any  better,  and 
becomes  lower  in  unit  weight  because  it  contains  more  water.  Fig.  11  shows 
the  compacting  factor-slump  relation  for  these  tests. 


. . ***®*^^ . . . 


M.  R.  Smith,  who  until  Monday,  ft  November  1965,  will  be  concrete  man 


on  the  Tarbela  Dam  Project  in  West  Pakistan,  where  3-1 ll  million  cu  yd 
of  concrete  will  be  placed,  has  developed  a  direct  application  or  the 
compacting- factor  test  that  he  regards  as  better  than  slump. amAasdvMhwdwa* 
a  ■  > w » ni.a .  The  device  he  built  involves  one  hopper  that 
discharges  into  a  1-cu  ft  container  with  a  top  opening  about  14  in.  square. 
After  strike  off  and  weighing,  additional  concrete,  without  large  aggregate, 
is  added  as  the  sample  is  consolidated  by  internal  vibration.  Two  testa 
are  made  on  a  batch;  the  weights  generally  agree  within  IT.  Ke  finds  con¬ 
crete  with  a  compacting  factor  of  0.90  good;  above  0.94,  very  plastic,  and 
below  0.84  too  harsh  to  be  placed.  His  data  indicate  that  a  compacting  factor 
of  0.84  to  0.94  for  his  concrete  represents  about  a  1-  to  3-in.  slump. 

I  believe  that  this  work  points  a  way  to  a  procedure,  involving  no 
manual  operations  on  the  concrete,  that  could  detect  any  batch  with  either 
seriously  deficient  or  excessive  water  content.  A  bottom-dump  container 
of  appropriate  size  suspended  so  as  to  overfill  eaeh  time  the  mixer  dumped 
could  be  weighed  through  its  suspension  system  and  Chen  dumped.  A  range 
in  weight  representing  satisfactory  concrete  could  be  determined  and  the 
plant  arranged  to  reject  any  bntch  whose  heaped  loose  weight  was  found  to  be 
outside  tne  established  range. 
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